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authorized to confer with other professional men who are 
now working upon this same question. There were many 
who felt that the university and the Local Sections have in 
the employment question an unusual opportunity for service 
to their chemists. In addition to these activities the need 
for a central clearing house and coordinating agency was 
expressed. 

The Flower and the Organic: Chemist: 
Perfumes-Natural and Synthetic 

By Marston Taylor Bogert 

COLUMBIA UNI~ERSITY, NEW YORK, N Y 

E gustibits non dispzitandiim est is nowhere more clearly 
“One man’s 

An odor highly 
pleasing to certain individuals may be exceedingly disagreeable 
to others. The dictionary’s definition cf a perfume, as “the 
scent emitted from a sweet-smelling substance; a pleasant 
odor,’’ therefore does not help us to standardize perfumes, or 
to prove that all odors which please you and me belong i p s o  
facto in that category. 

In the absence of any absolute standard of reference, we must 
fall back upon the verdict implied in the extent of the demand 
for the different odors and the price which such perfume sub- 
stances command; a verdict which naturally will vary consider- 
ably from year to year, for there are fads and fashions in this 
field as in others, and will not be identical in different countries, 
or even among different classes of the population in the same 
country. 

In man, the olfactory cells are located in a recess in the upper 
bick portion of the nasal cavity, away from the direct air current 
to the lungs. These cells have fine hairlike tips reaching to the 
surface of the mucous membrane lining the cavity and exposed 
to the chemical stimuli of odor.;, while backward from their 
bases extend long slender sensory nerves which pass through 
the bone and into the skull chamber and brain stem, there con- 
necting through their end-brushes with the dendrites of nerve 
cells, whence the stimulus travels to the olfactory area of the 
cortex, there to be received, interpreted, and the information 
utilized or filed, These olfactory cells are unique among verte- 
brate sense cells in being provided with their own sensory nerves, 
instead of depending upon the sensory axon of an ordinary nerve 
cell. 

To stimulate this organ and produce the sensation of smell, 
particles of the substance must be brought into actual physical 
contact with the halr tips of these cells in the mucous lining, 
either carried by a current of air or by diffusion of the vapoi, 
dissolving in the moisture of the olfactory epithelium and there 
reacting chemically with the nerve tips; from which it follows 
that only such substances can possess an odor as are a t  least 
partially volatile a t  the temperature of observation. It has 
been shown, however, that liquid carriers may also be used, and 
that odor may be detected when odoriferous substances are dis- 
solved in salme, or other suitable menstrua and taken into the 
nostrils. This, of course, suggests the possibility of a stimulus 
to the olfactory sense by a solution whose solute is itself too 
difficultly volatile to give off any perceptible fragrance at ordinary 
temperatures. It is worth noting that in such cases the odor 
varies with the concentratlon of the odoriferous substance in 
the liquid, being quite different in strong solutions from what 
it is in dilute ones. The theories which postulate odor as due 
to a form of motion of the ether, and its transmission as similar 
to that of sound or light, appear to be without any convincing 
experimental proof. 

applicable than in the field of perfumes. 
spinach is another man’s poison ivy.” D 
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The olfactory, or first nene, is hard to investigate because 
its receptive surfaces are intimately associated with those of the 
fifth nerve, which is a nerve of common sensation (tactile). 
For this reason, true smells, i. e. ,  those substances which stimulate 
the olfactoi y only, ale hard to separate from pungent substances, 
like vinegar, which stimulate the fifth nerve as well. 

For these reasons, Beaunis arranged all substances which 
affect the olfactory mucous membranes in three groups 

1-Those which act only on the olfactory nerve-(a) ,pure 
scents, or perfumes, without pungency; and ( b )  odor? mth a 
certain pungency, like menthol. 

2-Those which stimulate simultaneously both olfactory and 
tactile nerves, like acetic acid. 

3-Those which stimulate only the tactile nerves, like carbon 
dioxide. 

Zwaardemaker,2 mho has studied the subject both extensively 
and intensively, recognizes nine classes of pure odors, corre- 
sponding to Reaunis’ 
first class, which he 
designates as follows : 

1-Ethereal ,  o r  
fruity; characteristic in 
general of the fruits, 
and due in most cases 
t o  the presence of va- 
rious esters; including 
also beeswax, and cer- 
tain ethers, aldehydes 
and ketones. 

a-Aromatic, which 
is further d i v i d e d  
into: 

(a )  Camphoraceous 
borneol, cam- 
phor, eucalyp- 
tol. 

( b )  Spicy eugenol, 
ginger, pepper, 
cinnamon, cas- 
sia, mace. 

anethol, laven- 
(6) Anise-lavender: 
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der, menthol, 
thymol, safrol, Peppermint. 

( d )  Lemon-rose: geraniol, citral, linalyl acetate, sandalwood. 
( e )  Amygdaline. benzaldehyde, 03 of bitter almonds, nitrobenzene, 

prusqic acid, salicyl aldehyde. 

3-Fragrant, or balsamic, composed of: 
( a )  Floral: jasmine, ylang-ylang, orange blossoms, lilac, terpineol, 

( b )  Lily: lily, tuberose. narcissus, hyacinth, orris, violet, ionon?, 
lily of the valley. 

mignonette. 
(6) Balsamic: vanillin, piperonal, coumarin, balsams of peru and tolu. 

.l--Amhrosial: musk and amber. This odor is present in 
the flesh, blood and excreta (referable to, the bile) of certain 
animals. 

5-Alliaceous, or garlic: onion, garlic and many compounds 
of S, Se, Te and As; and subdivided as follows: 

(a) Alliaceous: hydrides of S, Se and Te, mercaptans, organic sulfides, 

( b )  Cacodyl-fish odors: hydrides of P and As, cacodyl compounds, 

(c) Bromine odors: Br, CI, I, quinone. 

thioacetone, asafetida. 

(CHahN. 

6-Empyreumatic, or burnt: as in tar, baked bread, roasted 
coffee, tobacco, benzene, naphthalene, phenol, and products of 
drv distillation of wood. 

7-Hircine, or goat: due in the case of this animal to the 
caproic and caprylic esters contained in the sweat, and typified 
also by perspiration and cheese. 

&Repulsive: such as are given off by many of the narcotic 
plants and by acanthus. 

1 Stewart, “Textbook of Physiology.” 
2 “Phvsiologie des Geruchs,” 1895, 233. 
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9-Nauseating, or fetid: as given off by products of putre- 
faction (feces, etc.), and by certain plants. 

Unfortunately, we have no words to represent shades of odor, 
as we have for colors. 

The psychologists, as the result of Henning’s investigations, 
incline to the opinion that there are but six elementary odors? 

I-Spicy, found in pepper, cloves, nutmegs, etc. 
2-Flowery, found in heliotrope, etc. 
3-Fruity, found in apple, orange oil, vinegar, etc. 
4--Resinous, found in turpentine, pine needles, etc. 
5-Foul, found in hydrogen sulfide, etc. 
g-Scorched, found in tarry substances. 

and that all others are made up of blends of these six in varying 
proportions. 

Dr. Septimus Piesse maintained that inasmuch as every per- 
fume produces its own peculiar effect upon the olfactory cells, 
just as every musical note has its own characteristic action upon 
the ear, therefore all odors can be arranged in a scale or 
gamut, corresponding to  the musical scale; and he actually 
constructed such a scale of perfumes, each note of the musical 
gamut having its corresponding perfume, the heavy odors (pat- 
chouli, vanilla, etc.) representing the low notes, and the sharp 
odors (peppermint, citronella, etc.) the high ones. This he 
termed his “odophone,” and asserted that no proper blend could 
be made unless the component perfumes harmonized in the scale. 
Thus, the chord of C, for example, would constitute a har- 
monious blend. 

The organic chemist’s method of attack upon this problem 
of classification of odors will be explained a little later. Most 
of us rest content with just two classes, agreeable and disagree- 
able. 

No sense is more marvelously delicate than that of smell, 
nor is any more potent in awakening our memories and our emo- 
tions. Some people may be indifferent to music, but those un- 
affected by odors are rare indeed. A breath of perfume brings 
instantly before our vision past scenes with all their pain or 
pleasure. Kipling recognized this when he wrote: “Smells are 
surer than sounds and sights, to make the heart strings crack.” 
From certain odors we recoil instinctively, not because they are 
intrinsically unpleasant, but because of the associations they 
recall; while others, perhaps unattractive to our fellows, possess 
a peculiar fascination for us. The recognition of a perfume is 
practically instantaneous, as is the picture it conjures up. I t  
is like suddenly glimpsing a familiar face in a passing crowd. 

The olfactory cortical center in the hippocampal lobe is known 
to be widely connected with other parts of the cerebrum, and 
this probably explains the extensive associations connected 
with odors, and the excellence of our olfactory memories. In  
animals like the dog, with highly developed olfactory organs, 
and among the invertebrates, it  is intimately connected with 
the sexual reflexes, 8nd some remnant of this relationship is 
found in the human organism. Comparative anatomy reveals 
the interesting fact that phylogenetically smelling is the oldest 
sense of all, and it is also true that it gives pleasant or unpleasant 
sensations in a more marked and general way than either sight 
or hearing. Of the so-called special senses, it  appears to be 
the one most closely connected with animal appetites, and 
Howell4 is led to remark that “over-gratification or over-indul- 
gence of this sense, according to historical evidence, has a t  least 
been associated with periods of marked decadence of virtue 
among civilized nations.” 

It is also one of the senses particularly susceptible to “adap- 
tation,’’ i. e . ,  a diminution or cessation of the sensation in spite 
of the continuance of the stimulus, a phenomenon probably 
akin to fatigue. Both individuals and odors show widely di- 
vergent behavior in this respect. Some odors quickly fatigue 

* Woodworth,” Psychology,” 203. 
4 “Physiology,” 305. 
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or benumb the sense of smell in nearly all persons; whereas, 
with other smells, only a few individuals will gradually lose their 
ability to detect them while remaining in the same atmosphere, 

Drugs that act centrally may stimulate or depress the sensation. 
Thus, strychnine and caffeine stimulate it, while choral depresses 
it. The application of cocaine to the nasal mucous membranes 
totally paralyzes the sense of smell. In disease, changes in the 
nerve may occur, occasionally resulting in total loss of this sense 
(anosmia). 

The actual amount of an odor which can be clearly perceived 
by man is in many cases exceedingly minute. Camphor is 
detected in a dilution of one part in 400,000; musk in 1 : 8,000,000; 
vanillin in 1: 10,000,000. Vallentine found that 1/120,000 of 
a grain of oil of rose was all that was necessary; while Fischer 
and Pentzoldt determined that 1/460,000,000 of a milligram of 
mercaptan was the approximate minimum amount coming into 
contact with the olfactory nerves and immediately recognized 
by them. The pleasant odor of the soil was ascribed by Berthe- 
lot, the distinguished French chemist, to traces of an unidentified 
camphoraceous body, of so powerful a fragrance that even a 
trillionth of a milligram gave a clearly perceptible smell. 

In man, the acuteness of the sense varies- widely. Some 
few individuals appear to lack it entirely, i. e., are smell-blind. 
It is perhaps surprising to find that, on the average, it is much 
more delicate in males than in females. By practice, it  may be 
extraordinarily developed, as we see in our own North American 
Indians, and in some African races and aboriginal tribes, who 
can track enemies almost like a hound. Among practical per- 
fumers, i t  is also found cultivated in high degree, especially 
on the analytical side, A blend, which the layman thinks is a 
simple perfume, is recognized immediately by the expert as a 
composite, many or all of whose elements are entirely familiar 
to him. 

One of the beneficent provisions of Nature consists in a sharpen- 
ing of other senses when some one sense is lost. It is Nature’s 
way of doing her best to compensate for the damage suffered. 
A group of humanitarian Parisian perfumers are engaged in train- 
ing men who were blinded in the war to become experts in evalu- 
ating odors, not only as a measure of reconstruction, but also 
in the well-grounded belief that a blind man, freed from any 
distractions associated with vision, should make a perfumery 
expert of the first rank. 

Yet more amazingly acute is this sense in other members of 
the animal kingdom. The ability of dogs to follow a scent to 
which the human nose is wholly blind is a familiar example, 
as is also the scenting of hidden carrion by vultures a t  incredible 
distances. Pliny affirmed that carrion crows have so keen a 
sense of approaching corruption that they can scent death three 
days before actual dissolution, and hence sometimes pay the 
moribund a visit before his time, to avoid disappointment. 
This is perhaps the origin of the popular superstition that such 
a visit forebodes death. 

The shark, which is among the more active and intelligent 
of the fishes, has an olfactory membrane which, if spread out, 
would cover some 12 square feet. 

Many insects are strongly odoriferous, and the odors emitted 
are nearly always disagreeable. Insects also possess a remark- 
ably developed sense of smell, the olfactory organs being located 
mainly or exclusively on the antennae, in the form of specially 
modified sense hairs, or sensillae, which are particularly highly 
developed in insects with the sharpest sense of smell (e .  g., in 
ichneumon flies). Huber has shown that bees are greatly ex- 
cited by the smell of their own sting poison, and that they dis- 
like musk, but have no aversion to asafetida. Bomare’s experi- 
ments indicate that the friendly bedbug (Cimex lectularius) 
is attracted, not as popularly supposed by the warmth of the 
couch, but by the scent of his victim. It is not unlikely that 
other human parasites and insect enemies, e. g., mosquitoes, 
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gnats, ete., also h a t e  their prey Similarly in the dark. The 
Arum drucuncdus bears a large liver-colored flower, and exhales- 
a stink which is so fetid and carrion-like that blow-flies, carrion 
flies, and other slaughter-house frequenters are said to mistake 
this flower for putrid meat and flock to  it from all directions 
there to  deposit their eggs. 

Some of the most interesting researches are those which have 
been conducted with ants,6 insects which can perceive odors 
either diffused in the air or dissolved in liquids. The tactile 
and olfactory sensillae are so closely associated on the antennae 
that when the latter actually touch an object, the ant probably 
receives both tactile and olfactory stimuli simultaneously, which 
Fore1 believes fuse to  a single sensation and which he calls the 
topo-chemical, or contact-odor sensation, and endows the ant 
with a sense of odor-shape. He explains this by suggesting that 
we imagine ourselves either blind or in total darkness, but POS- 

sessed of exceedingly delicate olfactory organs in our finger tips. 
As we moved about, then, touching various objects, our envirdn- 
ment would appear to us to  be made up of odors of different 
shapes, and we would speak of spherical perfumes, oblong stinks, 
etc. Our mental processes would be governed by a cosmos of 
chemical configurations, just as they are now by a world of visual 
(i. e., color) shapes. As ants spend most of their time in the 
dark recesses of the nest and rely but little upon their eyesight, 
it is evident that their mental processes must be quite different 
from our own. These insects also exhibit remarkable powers 
of odor-discrimination and odor-association, enabling them 
not only to  distinguish the smells characteristic of species, caste, 
sex, and individual, as well as the adventitious odors of the nest 
or surroundings, but also (according to Miss Fielde) even pro- 
gressive odors, due to the changing physiological condition of 
the individual with advancing age, a refinement which in the 
case of humans might save us many complications and em- 
barrassments. 

The use of sweet-smelling substances appears to  have origi- 
nated in religious worship, to which service they were for some 
time wholly consecrated, and it is from Persia that we first hear 
of them. The caravan which carried Joseph captive into agypt 
was engaged in this traffic between the latter country and Persia. 
Alexander the Great, after his defeat of Darius, found in the 
latter’s camp great treasure of perfumes and precious salves. 

Among the Jews such material was consecrated to the church, 
and in the Bible several passages occur where they are rebuked 
by their prophets for, using them upon the person. Sweet 
balsams and gums are frequently mentioned in the life of our 
Saviour. At His birth, frankincense was offered Him by the 
Wise Men, later Mary annointed His feet with precious oint- 
ment, and after His crucifixion Joseph of Arimathea placed His 
body in the tomb with balm and sweet spices. It was this 
custom which originated our word “embalm.” 

The Greeks always described their gods as being redolent of 
ambrosia and, according to their mythology, man would have 
had no knowledge of perfumes had it not been for the indis- 
cretion of Oenone, one of the nymphs of Venus. As early as 
300 R. C., Appolonius wrote a treatise upon perfumes, in which 
he speaks of essence of rose, iris, and others, mentioning the 
localities producing the finest quality. The Athenians even 
had special perfumes for various parts of the body-palm oil 
for the cheeks and breast, mint for the arms, marjoram oil for 
the hair and eyebrows, thyme for the neck and chin, but the 
odor of the violet was prized most highly by them, even as it 
is with us a t  the present day. The use of perfumes became such 
a craze that the perfume shops of Athens were the general 
rendezvous, where matters of state were discussed, fashions 
talked over, and stories exchanged, and it was just as natural for 
an Athenian woman to say “Meet me a t  the perfumer’s,’’ as it 
would be for a New Yorker to say “Meet me a t  the theater.” 

6 See W. M. Wheeler’s “Ants.” 

At fashionable entertainments the rooms were often perfumed, 
and occasionally trained doves, whose wings had been previously 
wetted with the most delightful essences, were allowed to fly 
about, the vibration OF their wings raining perfume down upon 
the heads of the assembled guests, Solon finally proposed a law 
restricting the sale of perfumes, so that none should be sold to 
men, a t  least; and Socrates bitterly complained because the 
slave and the freeman, when perfumed, smelt exactly alike. 

From Greece, the uqe of perfumes traveled to Rome, where 
it was similarly abused. Thus, it is said that Nero, a t  the funeral 
of his wife Poppaea, used more perfumes than all Arabia then 
furnished in a whole year. Pliny raised his voice against such 
excessive use, and under the Consul Licinius Crassus a law was 
passed restricting the use of perfume substances, so that the 
churches should not lack. It is amusing to  read that Plancus, 
proscribed by the triumvirs and pursued by their soldiers, took 
refuge in a cave, but his hiding place was betrayed bY the per- 
fume issuing therefrom. 

The overthrow of Rome obliterated the commerce of Europe, 
and perfumes disappeared from the Continent until brought 
back by the Moors from Arabia. In this latter country, their 
use had never ceased, and whole districts were devoted to raising 
flowers for this sole purpose. The “black-eyed houris” of the 
Koran, were not to consist of ordinary flesh and blood, but 
“of purest musk.” The Arabian physician Avicenna, in the 
tenth century, practiced the art of distilling perfumed waters, 
and in the twelfth century rose water, and possibly others also, 
was available in large amount, for on the entry of Saladin into 
Jerusalem, in 1157, the walls of the Mosque of Omar had been 
previously washed with it. 

From the settlements of the Moors, the use of perfumes spread 
to France, where it soon became general and lavish, reaching 
its climax a t  the court of Louis XV, where the royal rooms were 
perfumed each day with a different odor, and where it was deemed 
an act of gallantry for a courtier to use the favorite perfume of 
the lady he courted, just as the knight carried his lady’s colors. 

Perfumes are said to have been introduced into England by 
the Count of Oxford, who brought some from Italy in the fifteenth 
year of the reign of Queen Elizabeth, and their use appears to  
have been carried to extremes there also, for in 1770 the English 
Parliament passed a law which provided that “any woman, of 
whatsoever rank, profession, or condition, girl, woman, or widow, 
who, subsequent to the date of this Act, shall deceive, entice, 
or influence to marriage, any of Her Majesty’s subjects by the 
aid of Perfumes, False Hair, High Heels,*****, shall be subject 
to the same penalty as that now in force against sorcery, and 
the marriage shall be declared void and of no effect.” 

To-day the use of perfumes has spread over the world, and 
has extended to all classes of the community, with a steadily 
increasing demand. It has given birth to an independent and 
important industry, regulated mainly, it is true, ,by fashion 
and the taste of the consumer, but which nevertheless gives 
employment to thousands of men, women, and children, urges 
on the botanist to  search for new plants containing odoriferous 
oils or resins, busies the engineer with devising new machinery 
for their extraction, and gives to the chemist the fascinating 
problem of. determining the composition of these perfumes and 
of reproducing or imitating them in his laboratory. 

The animal kingdom supplies us with hut few valuable aro- 
matics, musk, civet, castor, and ambergris being the only im- 
portant ones. By far the greater number come from plants, 
where they occur as the volatile or essential oils, or as the gum 
resins. The essential oils are contained in various parts of the 
plant: sometimes in the wood, as santal, cedar, etc.; the bark, 
as cinnamon and cassia; the leaves, as patchouli, bay, thyme; 
the flowers, as rose, lavender, violet, tuberose, etc.; the fruit, 
as lemon, citron, nutmeg; or the seeds, as almond and caraway. 
As examples of gum resins, on the other hand, we have storax, 
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benzoin, tolu, opoponax, olibanum, the latter being the gum 
usually burned as incense. 

The essential oils and other odoriferous constituents are usually 
obtained from the plant by one or more of the following processes: 

MECHANICAL METHoDs-In some few cases, the essential 
oil is present in such large amounts that it can be separated 
by simple mechanical means. This is true of the essential oils 
found in the peels of lemons, and of the sweet and bitter oranges. 
The oil cells may be ruptured by pressure, manual or mefhanical, 
or by perfoiation with sharp instruments. The process in vogue 
in Sicily and southern Italy, where labor is cheap, is the “spugna,” 
or sponge process, the peels being turned inside out by hand while 
pressing against an ordinary sponge. The inversion of the peel 
breaks the oil cells, and the oil and moisture contained squirts 
out into the sponge, instead of into the eye of the operator. 
As the sponge becomes saturated, it is squeezed out, the yield 
averaging about 1.5 pounds of oil per man per day. In the 
United States, where labor is high, power presses have been 
used for recovering citrus oils in California. 

The “ecuelle” process of Northern Italy utilizes a saucer- 
shaped vessel, 8 to 10 inches in diameter, and studded inside 
with short spikes or knives about one-quarter inch long, and 
with a half-inch hole in the center, opening into a hollow tube 
handle some 4 or 6 inches long. As the fruit is rotated in this 
saucer, the oil cells are punctured and the oil flows down and 
collects in the hollow handle. Apparatus has also been devised 
for carrying out the same process mechanically on a large scale. 

DISTILLATION WITH sT~~hx-+l?he proper part of the plant is 
placed in a still and distilled in a current of steam. This steam 
may be generated outside the still and passed into it, or water 
may be added direct to the still contents and the steam generated 
by boiling the same, or the two methods may be combined. 
As the steam passes over, it carries with it the essential oil, and 
the two are condensed and collected together. Insoluble oils 
o r  constituents separate from the water in the distillaie, while 
the soluble portions remain in solution in the aqueou’s layer. 
Not infrequently, sufficient of the perfume is thus held in the 
aqueous distillate to render the product of economic value. 
“Rose water” is such a by-product separated from the insoluble 
oil or attar of rose. 

This is the process by which the vast majority of essential 
oils are obtained, and is applicable to practically all, although 

’ 

not always giving the best results. It is an economical method, 
both from the standpoint of the labor involved and the simplicity 
of the apparatus required, unless the oil present is easily soluble 
in water, or is relatively small in amount. Further, i t  is not 
satisfactory where the perfume substance is itself affected by 
the steam, as is true with most of the flower aromas. For such 
odors, one of the following processes is customarily employed. 

EXTRACTIOS WITH VOLATILE SOLVENTS (petroleum ether, 
benzene, etc.), comprising the four steps. 

I-Selection and purification of the solvent. 
2-Systematic extraction of the flowers in batteries of extractors. 
3-Evaporation of the solvent, leaving a vegetable wax saturated 

4-Recovery of the solvent. 
with the perfume (ciue paufumbeu). 

The extracts left after evaporation of the solvent, known also 
as “concretes,” are shaken with strong alcohol, which dissolves 
out the perfume, these tinctures being then called “floral ex- 
tracts” (extraits aux jleurs). By separating the pure flower 
oil from its solution in the alcohol, the “quintessences” are ob- 
tained. 

Using petroleum ether as solvent, the yields of concretes run 
somewhat as follows, per ton of flowers: 

Victoria violets 3 0 to 3 .6  lbs. 
Roses 3 4 to  5 . 0  lbs. 
Orange blossoms 4 . 0  to 8 .0  lbs. 
Jasmine 3 . 2  to 4.8 lbs. 
Cassie 7 . 0  to  10.0 lbs. 
Mignonette 2 . 6  to  3 0 lbs. 

In addition to the flowers mentioned above, extraction with 
volatile solvents is applied also to tuberose, jonquil, and occasion- 
ally to carnations, lily of the valley, heliotrope, narcissus, mimosa, 
and others. 
-4 disadvantage under which i t  sometimes labors is the fact 

that the other substances also extracted by the solvent may 
affect unfavorably the fine quality of the perfume. 

housewife knows to her sorrow with what avidity butter and 
other fats, as well as milk (on account of the butter fat it con- 
tains), imbibe odors of any kind in the refrigerator, and this 
property is utilized by the practical perfume manufacturer to 
collect the aroma from the flowers. 

MACERATION, INFUSION, OR ENPLEURAGE A CHAUD-The 
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In the maceration, or warm absorption process, the flowers, 
either in bulk or in fine linen sacks, are soaked in warm (50” to 
70” C ) oil or molten fat (lard, tallow, olive oil, etc.) until the 
perfume is all removed, when the f a t  is separated, by pressing 
or centrifuging, and fresh flowers added to it, the operation being 
repeated (six to fifteen times) until the fat is thoroughly satu- 
rated with the perfume. The duration of thi3 digestion varies 
from comparatively brief periods up to forty-eight hours; gener- 
ally, the longer the digestion, the greater the yield, but the lower 
the quality. Fats thus impregnated with perfume come into 
the market under the name of “pomades,” the perfume being 
then extracted from them by treatment with strong alcohol 

The process is used with violets, roses, orange blossoms, lily 
of the valley, and some others, but not with jasmine, tuberose, 
or jonquil, on account of the low yields and inferior quality. 

exhaled by the jasmine, tuberose, jonquil, lily of the valley, 
and mignonette is best collected by the cold absorption or en- 
fleurage process, the aroma being taken up by thin layers of 
cold fat or wax. The mixture generally used in southern France 
consists of 40 per cent beef fat and 60 per cent lard, except in 
the hottest part of the season, when a 50.50 mixture is preferable 
Both fats must be purified with the most scrupulous care, as 
the character of the resultant pomade depends first and fore- 
most upon the quality of the fats. 

The mixture is spread to the depth of about one-eighth inch 
upon both sides of glass plates which are supported in the middle 
of open wooden frames, or “chassis,” two inches deep, and 
twenty to thirty-two inches square. The flowers, freed from 
their calices, are spread over the layer of fat on one side of the 
glass plate, crisscross furrows having been made previously in 
the fat, so as to increase the surface exposed. 

The frames filled with flowers are then piled up, one on top 
of the other, in stacks as high as the operator can reach conven- 
iently, thus leaving the flowers enclosed in shallow compart- 
ments, the perfume exhaled being imbibed by the fat upon which 
the flowers repose and by the layer upon the under surface of 
the glass plate immediately above. The length of exposure 
varies, being 24 hours for jasmine, 48 for jonquil, and 72 for 
tuberose. The last named must be placed upon the fat in the 
unopened condition and there allowed to expand, or i t  will be 
spoiled by the next day. After suitable exposure, the flowers 
are removed, the frames turned upside down, and fresh flowers 
spread on what was previously the under side of the glass plate, 
and the frames then stacked up again. By thus alternating the 
surfaces carrying the flowers, a more even distribution of the 
aroma in the fat is accomplished. For high-grade pomades, 
the fat must be exposed to a t  least thirty different changes of 
fresh flowers. Where liquid oils are used, instead of solid fats, 
the glass plates of the chassis are replaced by wire screens which 
support woolen cloths saturated with the oil. 

As before, the perfume is extracted from the pomade with 
strong alcohol, the small amount of fat so dissolved separated 
by freezing, and from these purified extracts the essences are 
recovered by removal of the alcohol. 

From the standpoint of the perfume manufacturer, flowers 
fall into two classes: (1) Those, like the rose and orange blossom, 
which contain their perfume ready made and immediately avail- 
able in full amount; and (2) those, of the jasmine and tube- 
rose class, which when first picked appear to contain but small 
amounts of essential oil, but keep on producing it continuously 
as part of the life functions of the cell. If flowers of the latter 
group are treated with steam or hot solvents, they are killed 
and the further production of perfume ceases; but when the cut 
bloom is placed over cold fat, it  continues to live for many hours 
and to give off perfume uninterruptedly. So, Hesse6 found that 
ten times as much perfume was recovered from jasmine flowers 
by the cold enfleurage process as by extraction with volatile 
solvents; in the case of the tuberose, the difference is still 
greater. 
In flowers of the first group, however, larger yields are often 

secured by the other methods. In the case of orange blossoms, 
for example, it has been shown’ that a ton of blossoms yields 
only 0.2 pound of flower oil to cold enfleurage, whereas macera- 
tion gives 0.8 pound, and distillation .with steam 2 4 pounds, 

ENFLEURAGE A FROID, OR COLD ABSORPTION-The perfume 

Be?., S4 (1901), 293, 2928, S6 (1903), 1465. 
7 Hesse and Zeitschel, J .  pvakt Chem., [2] 64 (IQOl), 245. 

in the latter case 0.8 pound of this total remaining dissolved 
in the aqueous portion of the distillate. 

For centuries, southern France, with its balmy climate and 
mountain barriers against the cold winds of the north, has been 
the world’s most famous region for this industry, having suc- 
ceeded to the position occupied in ancient times by Arabia and 
its surrounding territory. Even the early Romans were accus- 
tomed to bring perfumes from Gaul, and under Louis XI1 France’s 
export trade in such material was firmly established. Reference 
has already been made to the lavish use of perfumes a t  the 
court of Louis XV, where Mme. de Pompadour is said to have 
spent 50,000 francs per annum, a fabulous sum in those days, 
on perfumes alone. 

The French Revolution banned such substances totally, but 
as the years rolled by the wealthier classes resumed their use, 
and by the beginning of the nineteenth century this use had 
extended to the middle class also. Since then the development 
of the industry has been rapid, until to-day its export trade is 
in excess of three hundred million francs, and is an important 
contributor to the prosperity and happiness of the Prench people, 

The little city of Grasse, with some twenty thousand inhabi- 
tants, in the Alpes-Maritimes Department of Provence, is the 
heart of the flower-growing district, with a dozen well-known 
firms and numerous smaller ones, and is really one vast flower 
garden. 

In Grasse alone, the consumption of flowers for the past ten 
years has averaged in tons per annum: 

Orange blossoms 2200 Tuberoses 330 
Roses 1650 Carnations 165 
Jasmine 1320 Cassie 110 
Mimosa branches 880 Mignonette 66 
Violets 440 Narcissus 55 

In 1898, orange blossoms brought 6 cents per pound, roses 
5.5 cents, jasmine 22 cents, cassie flowers and violets 35 cents, 
and tuberoses 45 cents; but prices have been rising steadily 
since, and in 1917 (on account of the war) reached 18 cents per 
pound for orange blossoms and over 30 cents for roses, with 
other flowers in like proportion. The combined value of the 
1917 Grasse harvest of these two flowers alone therefore amounted 
to nine and one-quarter million francs, or about $1,850,000 at  
normal exchange. 

To produce the 1320 tons of jasmine flowers noted above, 
a t  least 760 acres are required, representing some thirty million 
plants. An orange tree yields about 22 pounds of blossoms, 
and a violet plant one-twenty-fifth of a pound. A pound of 
orange blossom oil (oil neroli petal) requires about 1000 pounds 
of blooms, z. e. ,  the total output of over forty-five trees, or approxi- 
mately 500,000 separate flowers; while, in the case of the oil 
or attar of rose, eight tons, or two and one-half million roses, 
are necessary to yield one pound of the attar. The justification 
for what seem like exorbitant prices for the highest grade per- 
fumes is thus clear. 

In the Department of the Var, adjoining Grasse to the west, 
some seventy-five hundred acre? are devoted to raising violets, 
hyacinths, mimosa, roses, carnations, lily of the valley, and 
other flowers, giving employment to eight thousand people, 
and,with an annual output worth between three and four million 
dollars. 

In a large factory, it  is not unusual a t  the height of the season 
to receive in a, single day twenty-two tons of roses and a similar 
amount of orange blossoms, all of which must be treated imme- 
diately before fading; so that men, women, and children work 
from dawn to midnight during this strenuous period of two or 
three weeks. 

The annual output of lavender oil in southern France has 
been one hundred tons, worth $600,000; of spike lavender oil, 
,twenty-fivertons, worth $50,000; and of geranium oil, five tons, 
worth $40,000. . 
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Nearly all of these essential oils are mixtures, and not infre- 
quently contain nonodorous components. They may be used 
direct, or may themselves be subjected to such treatment as  
will isolate the more valuable aromatic constituents or remove 
the inert ones. 

The methods for accomplishing this are either physical or 
chemical. 

I. PHYSICAL METHODS. (a) Freezing-Odoriferous components 
are often separated thus from essential oils, and the method 
has the advantage of not changing in any way the quality of the 
substance so isolated. Safrol can be so recovered from oil of 
sassafras, anethol from oil of anise, and menthol from pepper- 
mint oil. It is a process which is also used occasionally to re- 
move inert constituents (stearoptenes) from such flower oils 
as the attar of rose, thus effecting an indirect concentration of 
the odoriferous portion. 

(b) Distillation with steam, to free the more volatile from the 
less volatile compouads. 

(c) Fractional distillation under reduced pressure-Many 
substances which cannot be distilled at  ordinary atmospheric 
pressure without decomposition, boil unchanged when the pres- 
sure is diminiAhed sufficiently. 

(d)  Sublimation, which amounts to a slow distillation of solids, 
and is applied in the case of camphor, for example. 

(e) Cr?vtaZlization, which is the process employed for most 
solids. 

11. CHEMICAL METHODS--(U) Acidic compounds may be 
extracted by aqueous solutions of alkali carbonates, and the acid 
subsequently liberated from the alkali salt. 

I 

(b) Phenols are dissolved out by caustic alkalies. 
(c) Alcohols are often isolated as esters (of phthalic, succinic, 

or benzoic acids), the esters purified and then saponified. 
(d) Aldehydes and certain ketones may be combined with 

NaHSOa. 
(e) Basic compounds are removed by treatment with dilute 

acids. 
(f) Specific reactions are frequently utilized : geraniol forms 

a compound with. calcium chloride, carvone combines with 
hydrogen sulfides, eucalyptol with phosphoric acid, etc. 

number of new ones a t  will. Already many perfume substances 
are in common use which, so far as we are aware, do not occur 
in nature. They are made in man’s laboratory, instead of in 
that of the plant. Many of the well-recognized constituents 
of essential oils are now produced also by the organic chemist, 
and the products so obtained are in no respect inferior to  the 
natural article. His lines of attack have been twofold. In 
some instances, the initial substance has been a natural product, 
perhaps a perfume itself, which he has transformed by the magic 
of his art into a more valuable one (e. g., asafetida into vanilla). 
In other cases, the results are true synthetics, built up step by 
step from simpler substances, in general obtained from coal 
tar. The transmutation of this foul black mass into delicious 
perfumes is one of his miracles, akin to his production of dyes 
of all the hues of the rainbow and of life-restoring drugs from 
the same unpromising raw material. Even that deadly war gas, 
phosgene, has come out from under his hands as a beautiful 
new violet perfume (methyl heptine carbonate). 

Both natural and synthetic products are required by the modern 
toilet perfume manufacturer. They constitute his raw materials, 
and are to him what the pigments are to the painter. The prep- 
aration of a really fine blend is the work of the expert, and in 
that occupation he is as truly creating a work of ar t  as are his 
fellow artists of the brush and chisel. The price which milady’s 
perfume commands is determined therefore not alone by the 
cost of its ingredients, but also by the skill with which they have 
been selected and combined to  form one harmonious whole. 

Informational Needs in Science and 
Technology 

By Charles L. Reese 
E. I. DU PONT DE NEMOURS & Co., WILMINGTON, DBLAWARE 

HERE is a common saying that “Knowledge is Power.” 
Information and knowledge are so closely related that it 
might be said that information is power, and coordinated 

information is power plus. The rapid rate a t  which knowledge 
has been and is being accumulated, particularly in science and 

Korzybski in his remarkable book, “Manhood of Humanity,” 

T (9) Methods which will destroy or remove the contaminants 
without injury to the constituent sought. Thus, in fennel oil 
the anethol is rapidly oxidized by pure concentrated nitric acid, 
while the fenchone is practically unattacked ; geraniol is not 
changed by alkalies, but any citral present is thereby polymer- 
ized to  higher boiling compounds; citronellol is esterified normally 

or dehydrated by it. 
by boiling formic acid, but other terpene alcohols are decomposed technology, is brought out very forcibly by the polish engineer 

The composition of most natural perfumes is now known, 
a t  least approximately, to the organic chemist. Some he has 
been able to reproduce exactly, others he can but imitate. It 
is his firm conviction that the stimulus imparted to the olfactory 
nerve tips is due to a definite chemical reaction between the 
substance of which these nerves are composed and the molecules 
of the odoriferous compound, and he has endeavored to  ascertain 
whether these compounds have anything in common chemically 
to which this action may be ascribed. As in the case of the syn- 
thetic dyes and synthetic drugs, he has endeavored to fasten 
the blame upon certain definite groupings of the atoms present 
in the molecules, and has even christened such groups “odoro- 
phores,” “osmophores,” or “arornatophores.” He will tell 
you that a carbon compound containing one or more such groups 
in its molecule, if sufficiently volatile a t  ordinary temperatures, 
is very likely to possess a definite odor, but what will be the 
character of the aroma he cannot always foretell so accurately, 
although even in this direction he has made noteworthy progress. 
When you see a steeple in the distance, you recognize a church; 
but only a closer inspection will disclose the particular denomina- 
tion to which it belongs. 

The fascinating nature of this problem lies not only in the dis- 
covery of one of Nature’s closely guarded secrets, for the perfume 
has been well termed the soul of the flower, but with this in- 
formation once in his possession he will be able not alone to  
duplicate any natural floral essence, but also to build up any 

and it seems that extraordinary steps must be taken to co6rdi- 
nate and correlate information in such a way as to make it 
available to all capable of using it throughout the world. 

Efficiency in research and in the application of its results is 
significantly conditioned by command of information. To 
the individual, nation, or race which most skilfully, thoroughly, 
and wisely masters and uses the accumulated knowledge of 
mankind comes supremacy in industry, if not also in science, 
politics, and art. Creators of knowledge through the appli- 
cation of scientific method to Nature are prone to belittle or 
to ignore the devices by which information is conserved, rendered 
conveniently accessible, and disseminated. Rather it becomes 
us to inquire whether by giving systematic attention to means 
of marshaling and using what has been discovered, invented, 
felt, imagined, constructed, we may not render uniquely valuable 
service to  civilization. 

Time was when knowledge was transmitted from man to  man 
or generation to  generation either orally or by rude products 
of human labor. Then came written language and, finally, 
printing, libraries, and the construction of such keys to knowl- 
edge as catalogs, indexes, handbooks, encyclopedias. All the 
while the rate of accession to information has increased rapidly, 
although irregularly. Man has become increasingly a thinking 
animal with remarkable development of curiosity, resource- 
fulness, originality, breadth of interest and view, foresight, 
disinterestedness, and sympathy. With multitudes of indi- 


